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Abstract 
As the global population rapidly increases, the need for bolstering worldwide food security is paramount. Scaling up food 
production to meet the needs of the growing population will strain the world’s water supplies, which are already threatened by 
climate change. Agricultural technologies such as greenhouses are effective in conserving water while simultaneously enhancing 
agricultural productivity. Quantifying and understanding the modes through which greenhouses reduce water usage can help 
farmers make strategic changes to their horticultural practices so as to increase crop yields while conserving water. This article 
describes and quantifies the four primary modes of greenhouse water savings, and provides a simplified model for calculating the 
long-term water savings potential of a greenhouse using easily measurable data. 
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1. Introduction 
In the year 2014, it was estimated that 793 million people in the world suffered from chronic hunger [1]. Feeding the world’s 
population and improving food security represents one of today’s greatest challenges. The rapidly growing population of the 
Earth—which is expected to reach 9.2 billion by 2050 [2] requires enhanced agricultural innovation to scale up production with 
limited resources. The world’s water resources will be strained with the population growth, as water demand is expected to rise 
55% by 2050 [2]. The primary culprit of this increase in water demand is the agricultural industry, which accounts for 70% of all 
fresh water usage [2].These water demand projections do not account for climate change, which will continue to result in 
unpredictable weather patterns that threaten the world’s water reserves. Climate scientists expect that in the coming decades, long 
droughts punctuated by heavy rainfall will become the normal in regions like Sub-Saharan Africa, where agriculture is primarily 
rain-fed and directly subject to climate variability [3]. 
To meet the demands of the rapidly growing population, farmers have been turning to agricultural technologies to scale up 
production and improve yields. Greenhouses, for instance, offer a stable alternative to traditional open-air farming practices, as 
they allow for consistent, year-round crop growth, all while reducing water usage. The protective covering on a greenhouse 
entraps moisture, diffuses solar radiation, and blocks wind, maintaining a controlled microclimate that protects crops from the 
variability of open-air conditions. Greenhouse crops, therefore, can be produced more predictably, in greater quantity, and with 
less water, than crops grown in the open air. This greenhouse microclimate also protects crops from climate change stressors, 
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namely increased climate variability and fluctuations in precipitation rates. Greenhouses are particularly useful to farmers in 
regions like Sub-Saharan Africa, where  the climate is characterized by distinct wet and dry seasons, as long bouts of drought and 
heavy rain are both detrimental to crop production [3]. 
While there is consensus that greenhouses do conserve water, the exact amount of water savings is difficult to quantify. The 
main source of greenhouse water savings comes from reduced evapotranspiration rates inside of the greenhouse, as previous 
works have concluded [4-6], but greenhouses do offer other modes of water savings: namely opportunities for drip irrigation, 
closer crop spacing, and abbreviated crop cycles. Previous efforts at quantifying water savings have focused solely on 
evapotranspiration, holding parameters like crop spacing and crop cycle length constant [4, 5]. This work contends that in order 
to obtain a more holistic water savings quantification, four distinct parameters must be considered: reduced evapotranspiration, 
closer crop spacing, drip irrigation, and a reduced crop cycle time. Herein, the four primary modes of greenhouse water savings 
are described and discussed, and a procedure for quantifying them is presented. The confounding variables inherent to these 
water savings modes are also discussed in relation to their limiting the precision of this model. This model of quantifying 
greenhouse water savings incorporates all aspects of a greenhouse’s water savings ability, and informs greenhouse farmers on 
ways to conserve water while simultaneously demonstrating their effectiveness as water-saving technologies. 
2. Determining open-air water intake 
The water savings of a greenhouse are calculated with reference to open-air crop water requirements. These open-air crop 
water requirements are calculated from a simple procedure designed by the FAO that uses data from Tables 2 and 3 in Chapter 2 
of their Irrigation Water Management training manual [7]. From this open-air water intake, the four modes of greenhouse water 
savings are factored in to yield the total water usage in a greenhouse. This figure can then be compared to the irrigation 
requirements for open-air crops—as depicted in Figure 2—to obtain the percentage of water that a greenhouse can save. Table 2 
lists the average water intake of standard grass in different climatic regions. Table 3 then applies the standard water intake of 
grass and compares it to the water intake of other crops as an additional percentage of standard grass’ water intake. The open-air 
water requirement calculated from these two tables is designated as the dry open-air water intake because it intentionally neglects 
precipitation that the crops would receive. Precipitation is neglected because the dry open-air requirement is used only as a 
reference to calculate water savings in the greenhouse, where rainfall is negligible due to the plastic or glass covering. 
Rainfall is factored into the open-air water usage by simply subtracting the effective daily precipitation (mm/day) from the dry 
open-air water usage (Figure 1). The effective daily precipitation is an approximation of the amount of water that infiltrates a 
plant’s root zone and is not lost to the surrounding soil or through runoff [7]. Table 3 lists the effective daily rainfall for each 
month for Maputo, Mozambique as an example that will be applied later in section 5 of this article. The average rainfall data was 
obtained from the BBC Weather service, and monthly effective rainfall was calculated from the guidelines in the FAO’s 
Irrigation Water Management [7]. The FAO recommends effective rainfall as a metric for determining irrigation requirement for 
a particular crop.  This irrigation requirement indicates a crop’s water requirement while accounting for precipitation. This value 
is useful in comparing greenhouse water usage to true open-air water usage. 
 
 
 
Fig 1. The irrigation requirement of a particular crop is determined by factoring in average daily rainfall to its daily open-air water usage. Adapted from FAO 
Irrigation Water Management Training Manual [7]. 
 
Table 1. Effective rainfall for Maputo, Mozambique. Data acquired from BBC Weather service. Table adapted from FAO Irrigation Water   
Management Training Manual [7] 
 Month Average Monthly Rainfall Effective Monthly Rainfall Effective Daily Rainfall 
Jan 130 79 2.55 
Feb 125 75 2.68 
Mar 125 75 2.42 
Apr 53 21.8 0.73 
May 28 6.8 0.22 
Jun 20 2 0.07 
Jul 13 0.6 0.02 
Aug 13 0.6 0.02 
Sep 28 6.8 0.23 
Oct 48 18.8 0.61 
Nov 81 39.8 1.33 
Dec 97 52.6 1.7 
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3. The four modes of greenhouse water savings 
Greenhouse farming reduces water consumption as compared to open-air farming for four primary reasons: 1) plants lose less 
water through evapotranspiration, due to the decreased wind, increased humidity, and regulated temperature in the greenhouse 
environment, 2) drip irrigation systems improve  the efficiency of water usage, 3) crops are spaced more closely, thus reducing 
water wastage, and 4) the crop cycle in a greenhouse is typically shorter than in the open-air, resulting in less water used over the 
entire growing season (Figure 2). 
 
 
  Fig 2. An overview of greenhouse water savings. The four modes are applied to the dry open-air water usage,   
                                        which is calculated using an FAO-recommended procedure and intentionally neglecting to account for rainfall.   
2.1. Evapotranspiration 
The modified climate of a greenhouse reduces crop water loss due to evaporation and transpiration, which are lumped into one 
parameter called evapotranspiration. Greenhouses reduce evapotranspiration by blocking wind, increasing relative humidity, and 
decreasing the solar radiation that reaches the plants. The greenhouse’s protective covering performs all three of these functions:  
it physically blocks the wind while filtering out some direct sunlight and entrapping moisture. The rate of water lost through 
evapotranspiration can be calculated using the Penman-Monteith equation, as recommended by the FAO [8]. Given a set of 
weather parameters, specifically temperature (T), relative humidity (RH), wind speed (U), mean daily radiation (Rn), and soil 
density (G), the Penman-Monteith equation produces a reference evapotranspiration rate, ETo, which can be used to compare 
water loss between greenhouse and open-air crops. 
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(1) 
 
Where, 
ܧ ଴ܶ = reference evapotranspiration [mm day-1] 
Δ = slope of vapor pressure curve [kPa °C-1] 
Rn = mean daily net radiation [MJ m-2 day-1] 
G = soil heat density [MJ m-2 day-1] 
γ = psychometric constant [0.0671 kPa °C-1] 
es – ea = saturation vapor pressure deficit [kPa] 
T = mean daily air temperature [°C] 
U2 = wind speed at 2 meter height [m s-1] 
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To evaluate water savings in a greenhouse versus open air, the Penman-Monteith equation is applied to both open air and 
greenhouse conditions, and the relative ETo values are compared to obtain a percentage difference. It should be noted that while 
typical evapotranspiration studies factor a crop coefficient Kc in order to apply ETo to a specific crop [5,6] this crop coefficient 
Kc is not necessary for the purpose of this study: Open-air and greenhouse ETo values are compared for the same crops, rendering 
the crop coefficients unnecessary.  
Given the limited resources in the contexts for which this model was developed, only three atmospheric conditions were 
primarily considered in the Penman-Monteith equation: temperature, relative humidity, and wind speed. These parameters can be 
measured on simple weather logging devices or obtained from a weather database. The full Penman-Monteith equation, however, 
consists of other variables which must be assumed constant or negligible. The radiation term includes both mean net daily 
radiation (Rn) and soil density radiation G. The mean net daily radiation (Rn) is approximated to only be dependent on solar 
radiation, which is sufficient for the scope of this research: The resource-constrained context of this research does not provide the 
necessary tools to precisely calculate the exact mean solar radiation. Additionally, when compared to Rn, soil heat density G is 
relatively small and can be approximated at zero when the ground is covered in vegetation [9]. The Rn terms in the greenhouse 
and open-air Penman-Monteith equations describe the light-diffusing properties of the greenhouse covering. To account for this 
light diffusion, the Rn term in the open-air equation is set to 1, and the Rn term in the greenhouse equation is set to the rate of 
light diffusion for the particular greenhouse covering. For example, a greenhouse covering rated with 88% light diffusion would 
have a value of 0.88 for the Rn term. Though these values of mean net daily radiation, Rn, do not wholly describe the solar 
radiation experience by greenhouse or open-air crops, the two values do adequately describe the difference in solar radiation, 
when compared. 
2.2. Closer crop spacing 
It is well known that greenhouses can support denser arrangements of crops than an identically sized plot in the open-air 
(Saglan & Yagzan, 1995). The greenhouse cover diffuses the incoming sunlight and spreads it more equitably to all plants, so 
that even plants that are closely spaced can receive sufficient light. Additionally, greenhouses block wind that can carry pests to 
the crops, and this barrier to pests reduces the risks from closer crop spacing.  Greenhouse farmers often choose to adopt closer 
crop spacing in order to optimize yields, and such an arrangement can also conserve water. When plants are spaced more closely, 
the root zones of the plants are more concentrated. This closer crop spacing increases water productivity [12] and minimizes the 
amount of water that infiltrates the surrounding soil, as depicted in Figure 3. When crops’ root zones are more closely spaced, 
water is more likely to wet the root zones rather than the surrounding ground. Because greenhouse farming allows for closer crop 
spacing, the crop area embedded in the water intake (mm/day) must be normalized to suit the relative area of in the greenhouse.  
 
                     Figure 3. Concentrating of the plants’ root zones minimizes water loss while using conventional irrigation techniques. 
 
This article assumes the water intake is directly proportional to each crop’s area. This simplification rests on a few large 
assumptions and ignores the complex relationship between crop spacing and plant growth. It assumes that in a closer 
arrangement of crops, the farmer tending to the plants will have the same accuracy in applying the water to the plant. If the 
accuracy of water application were regulated, it is still not clear that a decrease in plant area will result in a linearly proportional 
decrease in irrigation requirement. For example, it is plausible that closely-spaced plants will compete for nutrients in the soil 
and therefore require more water to maintain normal growth rates. The confounding factors inherent to the relationship between 
crop spacing and water intake, along with the lack of existing literature that attempts to describe this relationship, renders it a 
Root zone 
30 cm 
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difficult one to accurately quantify. Thus, the simplified nature of this model warrants the assumption that the relationship 
between the closer crop spacing and greenhouse water savings is linear. 
2.3. Drip irrigation 
Greenhouses equipped with drip irrigation systems experience additional water savings due to the precise application of water 
directly to the root zone of the plant [7]. Drip irrigation systems allow plants to be watered with a controlled trickle of water, 
which concentrates the applied water to the plant’s root zone (Figure 4) and reduces the amount of water wasted on surrounding 
soil. By increasing the efficiency of irrigation, drip irrigation systems reduce water usage by 30-50% when compared with 
regularly used surface irrigation [13]. Though drip irrigation systems can also be used in open-air farms, greenhouses provide a 
more cost-effective use of drip irrigation systems. That is, the closer crop spacing that greenhouses allow increases the effective 
use of a drip irrigation system, reducing the amount of material necessary to water an equal number of crops on a more widely 
spaced, open-air plot.  
 
                    Figure 4. The distribution tubing in a drip irrigation system applies water precisely to the root zone, minimizing water waste. 
2.4. Reduced crop cycle length 
Greenhouses have been shown to reduce the length of a typical crop cycle. This reduced crop cycle is a result of the 
greenhouse’s regulated microclimate and its ability to diffuse sunlight to all parts of growing plants, which increases the amount 
of sunlight that each plant receives every day and accelerates plant growth. Additionally, greenhouses entrap carbon dioxide, a 
plant’s primary source of nutrition. Though not well documented in agricultural literature, this reduced crop cycle is well known 
to farmers. Firsthand experience working with over 75 greenhouse farmers in Kenya suggests that greenhouse farming supports a 
30% reduction in the length of one tomato crop cycle. 
An abbreviated growing period means that there are fewer chances for water to be lost through evapotranspiration or through 
inefficient application of water to the plant. However, the true relationship between reduced length of crop cycle and water 
savings is likely not linear. Though a greenhouse may reduce crop cycle length by 30%, the crops may require increased water 
intake during that time, and the total water required is likely not reduced by 30%. However, without empirical data on the 
relationship between the abbreviated crop cycles and greenhouse water savings, this work assumes a linear relationship between 
the two parameters. Future studies measuring the water used in the open air and greenhouse farming will provide the necessary 
information to strengthen this portion of the model. 
4. Systemic issues in predicting water savings potential 
Though these four water savings modes work in conjunction to conserve water during greenhouse farming, they are not 
entirely independent of each other. For example, fitting an increased number of plants inside of the greenhouse area may lessen 
the reduction in crop cycle length that a greenhouse is able to induce. That is, as plant density increases, each plant may block the 
diffused sunlight that would normally reach its neighbors, thereby slowing plant growth. There likely exists an optimal 
arrangement of crops that does not involve these two water savings modes negatively impacting each other, but, at the present 
time, such an arrangement has yet to be determined.  
When drip irrigation is used, closer crop spacing does not increase water savings. The two modes are mutually exclusive. The 
precision of drip irrigation is not influenced by concentrating the plants’ root zones, as drip irrigation already involves 
application of water directly to the root zone. Minimizing the area between the root zones, as is the effect of closer crop spacing, 
would not significantly affect drip irrigation’s precise application of water to the root zone. It is, however, possible, that because 
Root zone 
Distribution tubing 
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drip irrigation’s precise water application is imperfect, and water still infiltrates the surrounding soil, that closer crop spacing 
could lessen the waste from drip irrigation. Because this occurrence is speculative, and any possible water savings would likely 
be negligible, this model treats the two water savings modes as mutually exclusive.  
A more robust model strengthened by empirical data could properly describe the non-linear relationships between these four 
factors and overall greenhouse water savings, but this work, at the present time, contains no such data. Therefore, this model 
does not attempt to account for these systemic, confounding factors. There are, however, specific experiments that could better 
quantify the complex interdependence of these water savings modes. For example, measuring the water usage and crop cycle 
length of greenhouse tomatoes grown with varying plant densities would better illustrate the relationship between crop spacing, 
crop cycle length, and water savings. Furthermore, the water savings projections from this model can be validated by watering 
greenhouse and open air crops with the amounts of water that this model suggests and observing the effects on crop yield.    
5. Water savings potential of an affordable greenhouse: a case study 
The method of calculating water savings presented in this article has already provided critical information on the water 
savings potential of greenhouses in Mozambique and Sierra Leone. Not only do these projections quantify the water savings 
benefits of greenhouse farming, they can also be used to determine which parameters most strongly influence water savings. 
While applying the four modes of water savings discussed in this work, the open-air water intake can be compared at any stage 
of the calculation to elucidate which parameter is most influential in conserving water during greenhouse farming.  The 
following analysis of a greenhouse in Mozambique demonstrates the potential uses of this model in calculating greenhouse water 
savings. 
5.1. Mozambique greenhouse analysis 
Herein, the greenhouse water savings potential is calculated for a plastic-covered greenhouse in Xai Xai, Mozambique. The 
dimensions of the greenhouse are 5.5 meters by 6 meters. Xai Xai, Mozambique is considered to be a humid sub-tropical climatic 
region [7], and the crop cycle may be assumed to extend from January through March. The greenhouse farmers planted 120 
tomato plants. For simplicity, this calculation will assume that the entire 5.5m x 6m area of the greenhouse is suitable for 
planting, and neglects area for walking in between rows. All relevant weather data was obtained from BBC Weather for Maputo, 
Mozambique. 
5.2. Open-air water requirements 
    First, the open-air intake must be calculated, as illustrated in Figure 2. Using Table 2 in the FAO’s Water Irrigation Training 
Manual [7], a range of 8-9 mm/day of water is suggested for a reference grass in a semi-arid, high temperature region that best 
describe the months of January, February, and March. For simplicity, this range will be averaged to be 8.5 mm/day for the 
reference standard grass. Table 3 indicates that tomatoes require 10% more water than reference standard grass, so the water 
requirement for tomatoes is simply 10% greater than the water requirement for standard grass, or 9.35 mm/day. This figure is 
known as the dry open-air water requirement, and will be used as a reference to calculate water savings in a greenhouse, where 
rainfall is negligible. 
   To calculate the true open-air water requirements, effective rainfall must be considered. Table 1 provides the effective rainfall 
data for each month, as provided by the BBC Weather Service [7]. The daily precipitation rates for January, February, and March 
are 2.55 mm/day, 2.68 mm/day, and 2.42 mm/day, respectively. For the three-month time scale, these values can be averaged to 
2.55 mm/day, the effective rainfall for the three-month period.  
    In order to account for rainfall, the effective daily rainfall over a timespan is subtracted from the dry open-air water 
requirement (9.35 mm/day) to yield an irrigation requirement of 6.80 mm/day. In the months of January, February, and March, 
Mozambican tomatoes grown in the open-air require approximately 6.80 mm of water per day when rainfall is accounted for. If a 
90-day crop cycle is assumed, then this value daily water requirement can be extended over the entire crop cycle by multiplying 
the 6.80 mm/day by 90 days, yielding 612 mm/crop cycle. 
    Since the units of mm translate to liters per meters squared of water, the area of each crop must be considered in order to 
obtain a water requirement in liters. In Mozambique, the approximate crop spacing for commercial farmers was observed to be 1 
meter by 30 cm, meaning that each tomato plant has an area of 0.3 m2. Multiplying the irrigation requirement for the crop cycle 
(612 mm/crop cycle) by the plant area yields a per-plant water requirement of 183.60 L/plant/crop cycle. Thus, each tomato plant 
on a commercial, open-air farm in Mozambique requires 183.6 L of water over every 90-day crop cycle. This irrigation 
requirement will be used at the end of the water savings calculation to compare the true open-air water intake to that in the 
greenhouse. However, this irrigation requirement cannot be used to calculate water usage inside of the greenhouse because it 
includes rainfall, which greenhouse plants do not experience due to the protective covering. Therefore, a dry open-air water 
intake is needed to calculate greenhouse water usage. Calculations analogous to the preceding two steps were performed on the 
dry open-air water intake of 9.35 mm/day. These calculations yielded a dry water savings of 252.45 L/plant/crop cycle, which is 
the initial open-air reference needed to begin calculating greenhouse water usage. 
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5.3. Reduced crop cycle 
    A calculation of greenhouse water savings must account for the accelerated crop growth that greenhouses are known to cause. 
Greenhouses have been shown to reduced crop cycle length by 30%, resulting in a crop cycle of 63 days if a 90-day crop cycle is 
assumed for the open-air case. Factoring in these water savings, the dry open-air water requirement is normalized proportionally 
by the decreased number of days: the open-air irrigation requirement of 252.45 L/plant/crop cycle is multiplied by 0.7 to yield 
176.72 L/plant/crop cycle. 
 
5.4. Closer crop spacing 
    This particular greenhouse is not equipped with drip irrigation. However, its crops are arranged more densely than a typical 
open-air farm, and this difference in effective area must be incorporated into the greenhouse water usage. Factoring in this dense 
arrangement of crops involves normalizing the dry open-air value proportionally to the closer spacing. This particular greenhouse 
was reported to contain 120 tomato plants during its first crop cycle; the greenhouse area is 5.5 m by 6 m, or 33 m2. Assuming 
that the tomato plants are evenly spaced throughout the greenhouse, the effective area of each plant in the greenhouse is 
determined by dividing the area (33 m2) by the number of plants (120 plants), yielding 0.275 m2/plant.  
    Dividing this value to the open-air spacing of 0.3 m2/plant yields a normalizing factor of 0.917, a factor by which the 
greenhouse water usage (176.72 L/plant/crop cycle) is multiplied, yielding 161.99 L/plant/crop cycle. This value represents the 
water savings of a greenhouse considering only the reduced crop cycle length and closer crop spacing. 
5.5. Reduced Evapotranspiration 
    Last, the reduced evapotranspiration water savings must be applied to the greenhouse water usage. The Penman-Monteith 
equation (Equation 1) is used to calculate reference evapotranspiration as a function of atmospheric conditions, namely 
temperature, relatively humidity, wind speed, and solar radiation. To calculate a reference evapotranspiration value (ETo) one 
must first determine values for the saturation pressure deficit (ea-es) and the slope of the vapor pressure curve (ο) using Equations 
2-5. Each atmospheric parameter was tabulated for the inside of the greenhouse and the open air. Conditions inside of the 
greenhouse were measured using mobile weather data stations, while open air data was retrieved from the BBC Weather Service. 
These data were then plugged into Equations 1-5 to yield reference evapotranspiration rates inside and outside of the greenhouse 
for January, February, and March. These open-air and greenhouse ETo values were then plugged into Equation 6 to yield the 
percentage of water saved through reduced evapotranspiration for each of the months.  
 
 ܧܶ݋ሺܱ݌݁݊ܽ݅ݎሻ െ ܧܶ݋ሺܩݎ݄݁݁݊݋ݑݏ݁ሻ
ܧܶ݋ሺܱ݌݁݊ܽ݅ݎሻ ൌ Ψ݂݂݀݅݁ݎ݁݊ܿ݁݅݊ܧܶ݋ 
(6) 
 
    After averaging the values for each month, the percent difference in evapotranspiration between the greenhouse and open-air 
was found to be 56.1%. This percentage difference corresponds to a 56.1% water saved through greenhouse farming. To factor 
the reduced evapotranspiration into the total greenhouse water usage, the percent difference must be subtracted from 1, in order 
to obtain the percent of water used in reference to open-air farming. Multiplying this factor by the greenhouse water usage after 
considering reduced crop cycle length and closer crop spacing yields 71.11 L/plant/crop cycle. This value considers the three 
water savings modes pertinent to this use case. Using an equation for percent difference analogous to Equation 6, this value for 
greenhouse water usage can be compared to  the open-air water usage (183.60 L/plant/crop cycle), resulting in a water savings 
percentage of 61%. 
It can then be concluded that, by the model presented in this work, that this particular Mozambican greenhouse has the 
potential to save 61% of water used in the open-air during a crop cycle starting in January. Because January, February, and 
March fall under Mozambique’s rainy season, this water savings figure is greater in the dry months like May and June.  
6. Conclusion 
Greenhouse farming saves water through reduced water loss through evapotranspiration, the precise water application of drip 
irrigation, the concentrating of crops’ root zones in closer crop spacing, and the reduced length of a crop cycle. A model that 
accounts for these four modes of water savings can be applied to any greenhouse to quantify its water savings potential. The 
information required for such a prediction can be found on the Internet and in the greenhouse itself. Knowing the water savings 
potential of a greenhouse and understanding the factors that drive greenhouse water savings can inform farmers on how to 
maximize water conservation in their greenhouse. For example, after accounting for the four modes of greenhouse water savings, 
a farmer may decide to utilize the greenhouse’s ability to support closely spaced crop arrangements, or alter the ventilation 
schedule in order to reduce water lost through evapotranspiration. 
To strengthen this water savings quantification model, empirical data from a study comparing open-air water usage to 
greenhouse water usage could be incorporated into the calculations behind each water savings mode. Such data would be 
obtained through a longitudinal study in which the water usage for greenhouses and open-air matched pairs are compared. The 
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spacing in the greenhouses and open-air plots would be varied, and atmospheric data would be collected so that 
evapotranspiration rates could be calculated. This data would quantify the relationships between each mode of water savings and 
the exact amount of water that it saves. Additionally, this data would make the model more robust for specific regions and 
climatic zones, which renders it more applicable for particular contexts but also compromises its ability to describe and quantify 
water savings potential for greenhouses in a variety of different climates.   
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